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Balloon Altitude Record 


N NOVEMBER, the Signal Corps, Depart- 

ment of Army, announced the establishment 
of a balloon altitude record of 140,000 feet, 
20,000 higher than the previous maximum. The 
record was set by a specially built balloon flown 
by the Evans Signal Laboratory, Belmar, N. J., 
in weather forecasting and rocket-launching ex 
periments, 

The record flight was made on September 28, 
1948. The balloon was fabricated of neoprene 
latex, approximately 17 feet in diameter at the 
time of release, but then only partially inflated. 
It first became spherical at an altitude of about 
35,000 feet, and burst at a diameter of about 
75 feet. 

Although this balloon disappeared in clouds 
at 40,000 feet, to be tracked by radio to its 
record altitude, on July 8th a similar release 
was watched by naked eye to an altitude of 
120,000 feet. It is expected soon to make daily 
flights to heights on the order of 150,000 feet. 

Such extremely high altitudes are almost in 
variably from measurements of at 
mospheric pressure. Difficulty in obtaining ac 
curate pressure measurements 100,000 
feet introduces many problems in altitude com 
putation, but the Signal Corps has developed 
special equipment to obtain results of acceptable 
Thus, it is now possible to discover 
unex 


computed 


above 


accuracy. 
the physical properties in the relatively 
plored region of the atmosphere between 20 and 
nearly 30 miles high. 


The balloon making the new record was 
developed under a Signal Corps contract by 
Molded Latex Products, Inc., Paterson, N. J., 


with the assistance of Abraham Arnold and di- 
rected by Dr. C. J. Evans 
Signal Laboratory. 
search program is under the general supervision 
of Dr. Michael Ference, Jr., chief of the meteor 
ological branch of the Signal Corps Engineering 


srasefield, of the 
The upper atmosphere re 


Laboratories. 

As shown in the released by the 
Department of Army, the greatest height 
balloon human beings 


diagram, 
ever 
carrying 
1935 by the balloon 


attained in a 
was 72,395 feet, reached in 


Explorer II. 
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observations are difficult at these 


the breaking white caps fills the air. U. 


Coast Guard cutter encounters heavy weather while on patrol in the North 
times 





Atlantic. 


as water spills over the bow and mist from 


S. Coast Guard photo. 


Weather Patrol — sy tue vu. s. coast cuarD 
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HE FIRST THING to be said about ships 
performing weather patrol is that they 
don’t go around chasing fronts or steaming 
through lows. they just go out way out 
and sit. Doesn't sound very exciting, does 
it? In truth. there are days when it isn’t ex- 
citing. but these ships are placed at strategic 
points in mid-ocean supposedly so that they 
cage in all storms. That is the optimum plan 
for the analyst as he sweats over the ocean 
area with its sparse data and that is the prime 
consideration for the locations of these vari- 
ous stations. Of course, when you have ships 
that are placed to locate all storms, they also 
see all storms. heave, roll, and pitch with all 
storms. These are the times when things get 
interesting have you ever tried to launch a 
raob balloon into a 60-knot gale? 
Weather patrol in its present form is a real 
result of international co-operation. During 
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UNITED STATES COAST GUARD 


HEADQUARTERS 


the past war military and civil leaders re- 
that for 
(particularly by air) a reliable net of sy- 


alized efficient transoceanic travel 
noplic reporting stations covering the North 
Atlantic was mandatory. It was further seen 
that concurrent with the weather reporting 
functions, a vessel or station could provide 
search and rescue facilities and radio naviga- 
tion aids. That is exactly what our ships on 
weather patrol do. 

As a result of the “International Agree- 
ment on North Atlantic Ocean Weather Sta- 
tions” drawn up in London September 17-25, 
1946. and adhered to by Belgium, Canada, 
France, Ireland, Netherlands, Norway, Swe- 
United United States, 
there was set up a program for 13 weather 
North Atlantic. A 


maintaining this program was prescribed to 


den. Kingdom, and 


stations in the share in 


each nation in proportion to the economic 
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benefits received. By this system, the United 
States is held responsible for seven stations 
plus one jointly with Canada. The remain- 
ing stations are divided up: two for the 
United Kingdom, one jointly for Belgium 
and the Netherlands, one for France, 
jointly for Norway, Sweden, and the United 
Kingdom. The accompanying chart shows 
the locations of those stations as of Novem- 
ber 22, 1948. Stations A, B, C, E, 1, J, K, L, 


and M are being manned. Present plans call 


one 


for completion of the entire manning pro- 
gram in the summer of 1949. 

The United States stations are manned by 
U. S. Coast Guard cutters which furnish the 
weather station platform, search and rescue 
facilities, and radio aids to navigation facili- 
ties. The U. S. Weather Bureau maintains a 
staff aboard each station ship and the weather 
observing is done by this unit. 

Full synoptic coverage is given by each 
ship: eight surface obs, four upper wind obs, 
two raobs plus special observations. The ob- 
servational program is a Weather Bureau re- 
sponsibility, but to obtain the best results 
co-ordinated teamwork between ship person- 
As 
an example of this there is the rarep (radar 
program 
tions of weather phenomena as seen on the 
radar The ship’s staff maintains a 
watch but 
when these weather phenomena are seen the 
Weather Bureau observers are notified 
the proper report made. The most complete 
co-ordination is needed during rawins. Here 


nel and the weather observers is essential. 


report) the reporting of indica- 
scope. 


on the radar for other reasons. 


and 











the ship’s men operate the radar and assist 
in keeping the plots. The Weather Bureau 
personnel launches the balloon, makes the 
computations, and encodes the report. During 
each rawin the maneuvering of the ship can 
aid in obtaining a successful release and op- 
timum radar contact with the balloon. Rawins 
are particularly valuable on these ocean sta- 
tions due to the prevalence of low clouds and 
poor visibility, and the rawins are always a 
source of friendly competition among ships. 
Each ship tries to get the greatest ranges and 
heights. Among the ship personnel also there 
is competition, between watches, each trying 
to outdo the other. In fact, there is a record 
of a wager between a C. O. and his radar 
officer as to how long the ship could track 
a particular target. The wager was a mid- 
watch, and that night at midnight the sleepy 
crew members on the bridge were astounded 
to see the skipper himself crawl up the ladder 
and take the watch. 

These standard aerological observations 
are supplemented by an oceanographic pro- 
gram which is chiefly concerned with getting 
the temperature-pressure curve for the upper 
layer of the ocean. The data here obtained 
will be a fine addition to the climatology of 
the oceans. 

The ocean station vessels provide unique 
opportunities to study mature cyclones that 


When 


these storms come awinding their way into 


look and act “just as in the book.” 


the Icelandic low they are just about as com- 
plete as Mother Nature can make them. The 
cloud sequences are a delight to watch (pro- 
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vided you aren't in that advection fog off the 
Grand Banks of Newfoundland). 

Although there are no forecast facilities on 
the ocean station vessels, aircraft flying over- 
head are very glad to get the complete current 
picture of winds aloft. Such information per- 
mits more efficient operations of overseas air- 
lines. 

Weather observing on the station ships is 
a far cry from observing ashore, where you 
can set up your theodolite on good old terra 
firma and make your obs as and how you 
please. In order to secure the most favorable 
conditions, especially for upper wind observa- 
tions, the ship will maneuver to provide a 
sheltered launching platform and attempt to 
minimize the motions of the sea. Of course. 
there are times when conditions are so bad 
nothing can be done. Many of the observers 
take a pride in their records and carry on 
splendidly in the face of adversity. 

A good example is that of the battered 
observer on the ship patrolling — station 
CHARLIE one blustery winter month, who 
was trying to get off his raob into a 65-mph 
wind with additional obstacles, such as rain, 
darkness, and a violently moving platform, 
to hinder him. It was over four hours from 
the time he started to get his raob off that he 
called the officer of the deck to report. “I con- 
cede that I can't get it off —I’ve launched 
four instruments and lost them all 
fate is against me.” That was the first ob 
that he had ever missed. 

As can be seen, the observing unit is a busy 


I guess 


group of people just doing the routine work. 
The ship’s personnel are busy too, but in a 
different way. Always ready they must be to 
handle the diverse and multiple distress and 
near-distress cases that arise on the air and 
sea routes. This eternal readiness on these 
ships. as on all Coast Guard vessels. centers 
around drills; some hypothetical distress 
problem is thought up and the ship put 
through its paces to solve it. The rescue of 
the 69 passengers and crew from the Bermuda 
Sky Queen by the CGC Bibb while on station 
CHARLIE stands as a tribute to 
effective training program can and will pro- 
duce in the efficiency of rescue operations. 
The ocean station network exists as an in- 
tegral unit of a most complete rescue organ- 
ization — the entire U.S. Coast Guard. These 
vessels have complete communications facil- 


what an 
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ities and maintain continual watches on the 
international distress frequencies. The neatly 
spaced distribution of these ships thus pro- 
vides a net for radio coverage of the North 
Atlantic. This net ties in with Coast Guard 
radio stations along the Atlantic and Gulf 
The heart of all search and rescue 
if you know 
where he is, what condition he is in, what he 


coasts. 
operations is communication: 


is doing, you are a long way towards a suc- 
cessful rescue. The ocean station vessels thus 
provide an extension of the existing distress 
communication facilities. 

The Atlantic weather stations provide air 
navigational check points in mid-ocean, for 
each ship maintains a radio beacon service to 
enable ships and aircraft to orient themselves 


and check their positions. The powerful 





weather ship 


\ radioman on a Coast Guard 
checks a rasonde battery before sending it aloft. 
This device will transmit back to the ship by 
radio impulses the humidity, pressure, and tem- 
perature from altitudes up to 70,000 feet. U. S. 


Coast Guard photo. 


beacon is scheduled to come on the air four 
times an hour. Aircraft use this just like a 
range station on land, and to ships it is simi- 
lar to the radio beacon on a lightship. 

The North Atlantic, although it has the best 
network, is not the only ocean to have weather 
stations. The international agreements on 
Pacific Ocean stations are still in the process 
of being formulated, and when the Pacific 
program is completed it may rival the At- 
lantic in size. At there are two 
Coast-Guard-manned and two Navy-manned 


present, 


(Continued on page 9) 
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\ drilling unit six miles offshore, consisting of 
LST and a 


exposure of the 


an anchored driven-pile platform, 
illustrates the 


wave action in the Gulf of Mexico. 


operations to 


OUTH of the desolate swamplands of the 
Louisiana coast in the waters of 
the Gulf of Mexico. the American petroleum 


industry is rapidly entering a new frontier 


open 


of oil discovery. For many years. geologists 
have speculated as to the probability of lo- 
cating commercial oil fields under deep water 
in the open ocean. There was every reason 
to believe that the prolific oil fields of the 
Louisiana and Texas coasts did not stop at 
under the 


the shoreline. but extended out 


But how 


eradually sloping continental shelf. 
to get to oil under the sea presented many 
new problems. 

Oil operators have adapted drilling meth- 
ods to every type of climatic environment: 
the deserts of Arabia. the jungles of Borneo. 
the frozen arctic tundra of Alaska. the mos- 
quito-infested swamps of the Louisiana delta. 
and the tropical waters of Lake Maracaibo. 
But off Grand Isle, Louisiana, the new prob- 
lem of contending with ocean waves and 
maritime 


petroleum engineer. 


weather conditions confronted the 
The Louisiana coastal area is subject to 
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FORECASTING FOR 
THE OFFSHORE OIL BOOM 


A. H. GLENN 
A. H. GLENN AND ASSOCIATES 


strong offshore winds of polar “northers” 
and also to the veering blasts of tropical 
hurricanes. 
which could overwhelm the small 
shallow draft required in running between 
shore and offshore drilling. Even waves in 
the three- to 
reduce the schedule of supplying 


Strong winds mean high waves. 
crafts of 


six-foot class could seriously 
rigs and 
moving personnel from platforms to boats. 

For centuries man has tried to withstand 
wave energy by building expensive dikes and 
breakwaters, and many times these man-made 
sea walls have been obliterated by the wave 


With this in 


mount the 


action of a single major storm. 
mind, it has been customary to 
drilling rigs on elevated platforms supported 
by thin piling driven deep into the ocean 
floor, thus to present a minimum structural 
surface to the waves. 

The Humble Oil and Refining Company’s 
first drilling structure formed a half-acre of 
steel platform set above 50 feet of water on 
piling driven 150 to 200 feet under the mud 
ocean bottom. The platform had to with- 
stand hurricane winds of 120 miles per hour 
and waves that would require a clearance of 
32 feet. The final design called for a struc- 
ture costing over a million dollars and reach- 
ing approximately 250 feet above the sea 
floor. the height of a 25-story building. 

But the wave problem was still far from 
solved. Drill mud, 
fresh water. fuel, and all types of drilling 
and construction material had to be moved 
from boats and barges subject to wave action. 
and initially even the first platform had to be 
started from the unsteady base afforded by 


pipe, casing. cement. 


a bobbing ship. Any unusual wave or wind 
meant not only delay in coustruction, but also 
afforded great danger to those engaged in this 
operation many miles from the shore. 

After investigating the factors which con- 
tributed to the safety and efficiency of the 
amphibious operations of World War Il. 
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Humble Oil management decided to give 
modern scientific wave and weather forecast- 
Weather Bureau officials recom- 
mended that the project be handled by pri- 


ing a try. 


vate consultants because it was too specialized 
to fall within the scope of the bureau’s de- 
Through the agency 
of the American Meteorological Society, two 
former Air Force officers, C. C. Bates and 
the writer. came into the picture. Bates, a 


fined responsibilities. 


prewar petroleum geologist, had been trained 
in military meteorology and oceanography, 
and had a hand in the predictions for the 
invasions of both Normandy and Rangoon. 
Glenn. a civil engineer with experience in oil 
fields, was also a combined meteorologist- 
oceanographer with military experience in 
the Pacific theater. 

1947, Bates and Glenn 
inaugurated a wave forecasting program for 


In the summer of 


Humble Oil's offshore drilling project near 
Grand Isle, Experimental fore- 
casts were prepared for a two-month period. 
Two additional oil company employees, who 
had wartime meteorological experience, were 


Louisiana. 


on the spot to receive and evaluate the utility 
Humble Oil considered the 
the 
sufficient to justify the commencement of a 


of the forecasts. 


accuracy and usefulness of forecasts 


regular forecasting service under actual op- 
erating conditions. 





To check the accuracy of the wave forecasts, a 


Beach Erosion Board wave gage is mounted on 

one of the templates and is operated at regular 

intervals. It records on a strip-chart in the office. 

Photo by Joe Homer of the Humble Oil and Re- 
fining Company. 
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Essential in forecasting is familiarity with offshore 


drilling techniques. W. W. Hildreth, Jr., and 

A. H. Glenn discuss operations on an offshore rig. 

The “hard hats” are recommended when working 
near the drilling rigs. 


Early in 1948 routine forecasting for the 
The chief diffi- 


culties encountered in providing an effective 


Grand Isle area commenced. 


weather service were in communications, for 
roads across the delta swamp country were 
primitive and telephones frequently went out 
of communication in bad weather, when they 
were most needed. 

Weather the 


Louisiana coast, a frequent zone of stagna- 


observation points along 
tion of polar fronts and a landfall for tropi- 
cal storms, hurricanes. and extratropical cy- 
clones developing in the Gulf, were few and 
far between. To overcome these difficulties. 
the forecasting service was organized with a 
central New with 
Weather Bureau teletype facilities. And a 
field office was located at Grand Isle equipped 


office in Orleans serviced 


with meteorological instruments, a wave gage. 
and radar equipment. Meteorological instru- 
ments were provided by the Weather Bureau 
on a co-operative basis, and the wave gage 
was lent by the Beach Erosion Board of the 


U. S. Army Engineers. 


consisted of a 3-cm. set with a 50-mile range. 


and an SCR-784, 10-cm. set with an effective 
range of 200 to 300 miles. 
The meteorologist in the field office now re- 


The radar equipment 
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Three of several waterspouts observed simultaneously from an offshore drilling platform approxi- 


mately six miles south of Grand Isle, Louisiana, at about 5:00 p.m. CST, May 
waterspouts were associated with convective activity set off by a slow moving 


located south of Grand Isle at this time. Note 
Photo by Mel Coston of the 


spouts, 
ceives the forecasts, a surface map, and radio- 
He 


discusses the forecasts with drilling and pro- 


sonde and upper wind data twice daily. 


duction supervisors. when decisions must be 
made involving the scheduling of work or 
He also 


operates the radar and interprets the radar 


the safety of the drilling operations. 


echoes in terms of weather information pro- 
vided by the central office, when short-range 
warnings of dangerous conditions are_ re- 
quired. The efficiency of offshore drilling 
and production is markedly affected by minor 
Although forecasts 


of general weather conditions are included 


changes in wave heights. 
with the wave and wind forecast. these are 
The all-important ele- 
With one 


type of barge in common use for transporting 


of minor importance. 
ment is the height of the waves. 


crude oil from the producing wells to shore, 
the critical average wave height is three feet. 
Below this limit the the 
loaded barge with safety. Waves averaging 
four feet high. however, begin to cause difh- 
culty, and with greater heights production 
is seriously hampered. 


tugs can handle 


Forecasting accurately in this critical range 
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19, 1948. 
P-mT cold 


The 


front 


the drilling rig just to the right of the two main 


Humble Oil and Refining Company. 


is extremely important, and one of the rou- 
tine jobs for the meteorologist in the field 
office is to assist the farm boss. who supervises 
the flowing of crude oil from the wells to the 
the efh- 
ciently. Each phase of the offshore work. such 


as transportation of 


barges, in scheduling yroduction 
| 

personnel; movement of 
construction of offshore drilling 
LST’s to drilling plat- 


laying heavy anchor chain for moor- 


supplies; 
platforms; towing 
forms; 
ing: barging fresh water. crude oil. cement. 
and drilling mud; and setting casing. is af- 
fected by wave conditions, and the meteorolo- 
gist at the field office must have a working 
knowledge of these operations and the limit- 
ing working conditions for each in order to 
provide effective advice. 

The safety of the drilling crews and boat 


The 


hazards of oil drilling operations. consider- 


crews. of course. is a first consideration. 


able under the best conditions. are increased 
several fold in the offshore work. Northers 
(the popular name given severe polar out- 
breaks along the Gulf coast), line squalls. 
and the like all menace the safety of the work. 
Under most weather conditions, drilling can 
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continue although movement of supplies and 
be curtailed. But 
hurricane conditions safety demands evacu- 
ation of personnel from the platforms. The 
evacuation of the rigs requires 12 to 16 day- 
light hours, and a decision must be reached 


relief crews may under 


well in advance of the movement of the hur- 
ricane into the vicinity of the drilling oper- 
ations. 

When work was commenced on the fore- 
casting project, little time could be spared in 
training men in the meteorological techniques 
Men al- 


ready trained in basic meteorology were as- 


and problems of offshore drilling. 
sembled to compose the staff. Among these 
were: W. W. Hildreth, Jr.. navy aerology 
oficer on wartime projects in 
Alaska: K. Shisler, with training in ocean- 
ography and in airline forecasting; G. F. 


petroleum 


Collins, research physicist with experience in 
Gulf and South Mr. Bates 
supplied the climatological studies that are 


American waters. 


a necessary preliminary to any meteorologi- 
cal project. This staff combined the many 
talents needed in the complicated problem 
facing the offshore drillings. 

Weather control, so desirable for this and 
other large-scale industrial operations, is still 
far off. 


and the protection of millions of dollars of 


Yet where the safety of many lives 





‘ “ z . : 
Maintaining an anemometer on an offshore platform. 
equipment is at stake, attention to the fore- 


casts of trained meteorologists and ocean- 
ographers pays off. 





WEATHER PATROL 

(Continued from page 3) 
ocean stations in the Pacific; they are an en- 
tirely American project. In the future. of 
course, they may be integrated into the broad 
international Pacific plan. 

The physical life on ocean station vessels 
ranges from pretty rough to pretty soft. The 
rough phase occurs as these ships (ranging 
from 255 to 327 feet in length) ride out the 
roughest weather the North Atlantic has to 


offer. And when the sea at station CHARLIE 
is down to No. 4, six to 12 feet. all hands 
relax — good weather. Station DOG (olf the 


Grand Banks) is plagued by fog and more 
fog; it is a cause for celebration when the 
sun comes out. Of course stations EASY and 
FOX, as they sit under the big Bermuda high. 
have fine weather (except when a hurricane 
comes along). Station ABLE in the Denmark 
straits is the one that really separates the 
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from the non-sailors— most full- 
grown cyclones in the North Atlantic try to 
find their way home to the Icelandic low, and 
station ABLE checks them off as they go past. 


The soft phase refers to movies every night. 


sailors 


good food, plenty of time for reading and 
hobbies. In the summer, there is even some 
deep sea fishing on the southern stations. Of 
particular interest in this area are the sharks 
Every- 
one gets some shark teeth as souvenirs after 
a summer patrol on station EASY. 

To sum it all up, the ocean station program 


and whales that pay occasional visits. 


combines multipurpose objectives, such as as- 
sisting the current operations of aircraft and 
shipping. collecting scientific data for re- 
search and further knowledge, assisting in 
communications, search and rescue, and navi- 
gation for transoceanic travelers, to set forth 
a living, producing. example of international 
co-operation. 
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Lowest Temperatures in the Northern Hemisphere 


ARNOLD COURT. NORMAN SISSENWINE. AND GEORGE S. MITCHELL” 


EMPERATURES below —80° F. have 

occurred in three different areas of the 
Northern Hemisphere: in the Yukon, interior 
Greenland, and northeastern Siberia. These 
areas are shown in the map on the facing 
page, based on the lowest temperatures ever 
observed at principal stations in 
North America and Eurasia. 

An inherent difficulty with weather obser- 
vations is that they are made at inhabited 
places, and such sites normally are not 
chosen for the extreme nature of their weather 
conditions. For arctic villages 
along streams are usually located above the 
high-water level of spring floods. Temper- 
ature inversions produced by cold air drain- 
age and by radiation may cause temperatures 
at these places to be higher by 10 degrees or 
more than those of the closely adjacent river 
valleys. 

Temperature inversions are exceptions to 
the general rule that temperature decreases 
with increasing elevation. They result from 
physical processes active in the formation of 


weather 


example, 


extreme low temperatures and are, therefore. 
important in the distribution of such tem- 
Inversions can be produced either 
The former is 


peratures. 
by air drainage or radiation. 
just what the term 
movement of cold, dense air from elevated 
regions to low valleys or basins where heat 
Warmer air is 


implies — gravitative 


loss has been less rapid. 
pushed aloft by the colder descending air. 
Radiation complex 
and more widespread in their action. Ex- 
tremely cold temperatures occur during long 
winter nights when the earth’s surface radi- 
ates more heat to the sky than it can re- 
ceive from the sun during the short hours of 
daylight. The ground, becoming cold, cools 
the air with which it is in immediate contact. 
This cooling progresses upward but, because 
the heat is lost by the surface, the air layers 
closest to the ground are always coldest; the 
surface air may be 30 to 40 degrees colder 


processes are more 


*Climatologists, Environmental Protection Section, 
Research and Development Branch, Military Plan- 
ning Division, Office of the Quartermaster General. 
Published by permission. 
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than the air of 2,000 to 3.000 feet. At higher 
elevations the temperatures again decrease 
with height, at the rate of about 3° F. per 
1.000 feet. 

These conditions are 
map of extremes of minimum temperature 
for flat terrain, although the strongest such 
temperature inversions do occur over interior 
plains in the middle and high latitudes. Here 
the air stagnates and cools for long periods 
of time. In many cases stagnation is inten- 
sified where mountain ranges prevent the in- 
land air from being moved by the general 
atmospheric circulation. The mountains also 
prevent the inland air from spreading out. 
a process which would result from the in- 
crease in density due to cooling. Such spread- 
ing out, when permitted, warms the air some- 
what and also brings closer to the ground, 
its normal position, the warmer air which 
overlies the stagnant cold air. 

Therefore, when such a regime is estab- 
lished in an extensive air mass touching or 
bounded by mountains, the temperatures in 
the mountains will be substantially the same, 
level for level, as those in the free air over 
the plains or basin or valley. That is, it will 
be warmer at points part way up the slopes 
than it is either at the base of the mountains 
or near the peaks. For example, in January. 
1940, along the upper Arkansas River in 
Colorado, the following were the lowest tem- 
peratures observed: 


not apparent on a 


Vinimum 
Place Elevation Temperature 
Leadville 10.152 22° F. 
Buena Vista 7.955 22 
Salida 7.035 19 
Canon City 5,345 8 
Pueblo 1.668 14 
Rocky Ford 1.177 23 
Las Animas 3.899 13 
Lamar 3.620 —15 
Holly 3.386 - 13° 


The extreme temperature on record for any 
weather station depends on the length of time 
that observations have been made. Since ex- 
treme conditions occur only once every quar- 
ter or half century, the longer the period of 
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Expectancy of low temperatures in North America 

and Eurasia. The key shows those areas expecting 

to have at least three days in January (10% of 
days) in the minimum ranges indicated. 


observation the lower the coldest temperature 
ever observed is likely to be. New records 
of some sort are set every year or so, as sta- 
tions accumulate data. 

In drawing the map, the lowest temper- 
atures ever recorded in each major land mass 
determined. The lowest surface air 
temperature for the world which is generally 
accepted is —90° F. at Verkhoyansk, Siberia 
(67° 33’ N., 133° 34 E., 328 ft. msl.), on 
February 5 and 7, 1892. (This reading was 
actually —94° F., was so announced at the 
time, and is shown as such in various tabu- 
lations; subsequent calibration showed the 
thermometer to be about four degrees low, 
so the official record was corrected to — 90° F. 
No observations were made that winter at 
Oimekon, about 400 miles southeast of 
Verkhoyansk, but in later years Oimekon has 
been consistently colder. In 1938, press re- 
ports from Russia indicated that —78° C. 
{ —108° F.] had been recorded at Oimekon; 
an inquiry by Dr. H. E. Landsberg resulted 
in a letter from Dr. S. V. Obruchen indicating 


were 
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that this was indeed a true reading, but not 
giving either the date or other details. Until 
complete information on this record is avail- 
able, it cannot be accepted generally.) 

Europe's lowest officially recorded tempera- 
ture is —61° F. at Ust Zylma (65° 27’ N.. 
52° 10’ E., 82 ft. msl.), in northeastern 
Russia. 

In Canada, until 1947 the low temperature 
record of —79° F. was held by Fort Good 
Hope (66° 25’ N., 128° 53’ W., 214 ft. msl.), 
on the MacKenzie River. 

On both February 2 and 3, 1947, at the 
intermediate airport at Snag, Yukon Terri- 
tory (62° 23’ N., 140° 23’ W., 1,903 ft. msl.), 
the official thermometer reading was below 
—80° F., so the observer extrapolated the 
scale by the use of dividers (according to 
Dr. Dana Coman, of the General Staff, U. S. 
Army, who visited Snag a few days later). 
On the morning of the 3rd, the minimum 
temperature reading was —84° F., but re- 
calibration of the thermometer indicated an 
instrumental error of —3.0° F. The Canadian 
meteorological service, therefore, has “ac- 
cepted the figure of —81° F. as the lowest 
official temperature ever recorded in Canada.” 
(Letter from Canadian weather service to 
U. S. Weather Bureau, April 9, 1948. 

On the same day, at Fort Selkirk, Yukon 
Territory (62° 45’ N., 137° 22’ W., 1,560 ft. 
msl.), 100 miles east-northeast of Snag, a 
reading of —86° F. was observed on a ther- 
mometer subsequently found to read 1.1° 
low. However, the thermometer was exposed 
on the outside wall of a building instead of 
in a standard thermometer shelter, so the cor- 
rected value of —85° F., while of interest, 
is not considered official. 

In Alaska, the lowest official temperature 
of record is —78° F. at Fort Yukon (66° 
34’ N., 145° 18’ W., 417 ft. msl.), on January 
14, 1934. (A minimum thermometer left a 
few thousand feet below the top of Mt. 
McKinley in 1913 was recovered in 1932. 
Its reading was below — 100° F., but because 
of its long inattention and the likelihood that 
the low reading may have been caused by 
vibration, this temperature cannot be ac- 
cepted. ) 

The lowest temperature ever observed offi- 
cially in the United States is —66° F. at 
West Ranger Station, Yellowstone Park, on 

(Continued on page 22) 
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SNOW ROLLERS — Nature at Play 


D. C. CAMERON 





\ snow roller that formed near the weather sta- 
tion at Burlington, Vermont, on March 13, 1936. 
UL. S. Weather Bureau photograph by Harry R. 


Stevens, 


ANKING with more unusual natural phe- 
nomena such as the sun’s “green flash.” 
lunar rainbows. thunder with snow. is a 
weather prank known as snow rollers. The 
most recent record of such an event was made 


A large snow roller with hollowed ends. The “track’ 


near Rome. \. Y.. during the month of Feb- 
ruary. 1948. 

The production of snow rollers requires a 
succession of weather events that build up 
to an optimum condition of a rather light 
fall of wet snow over an old snow cover. with 
air temperature rising to just above 32° (34 
seems to be the most auspicious figure), and 
then a quickening of the wind to around 20 
to 35 miles per hour. The net result of all 
this is that open fields become what look like 
grade-school yards after recess. with up to 
hundreds of lightly packed rolls of snow. 
some as much as two feet in diameter, and 
yet not a child has been near them — just 
the wind! 

Weather literature contains many 
ences to this interesting phenomenon, but rela- 


refer- 


tively few people have ever seen snow rollers. 
One European publication in 1909 listed 35 
papers (in various languages) on the subject 
between the years 1808 and 1909. Accounts 
in the Monthly Weather Review indicate that 
many of the known occurrences took place 
during the night and were not witnessed, but 





* in the snow shows that the roller was traveling 


from left to right during its formation. Note the ridge effect on the outer surface. This roller formed 


in a field one mile west of Scranton, Iowa, January, 1932. U. 
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S. Weather Bureau photograph. 
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at Edenton, N.Y., in 1895, an eyewitness de- 
scribed what appeared to be a downward 
gustiness in the wind which seemed to get 
under slight protruberances in the snow sur- 
face. very much as a breeze lifts the corner 
of a paper lying on the ground. A strong 
enough gust sets the roll in motion, at first 
quite rapidly, then slackening, and _ finally 
stopping when the mass becomes too heavy 
to be moved farther. 

An occurrence at Canton, N. Y., on Febru- 
ary 19, 1907, was described as follows: On 
an undercover of four inches of dry. evenly 
distributed snow fell about one half an inch 
of dry snow during the forenoon; this became 
large. moist, feathery flakes about 3:25 p.m.. 
continuing until about 6:25 p.m., by which 
time about one inch had fallen. The temper- 
ature was 10° at 8:00 a.m., 17° at 5:15 p.m.. 
but rose suddenly to 31° at 5:30 p.m.. then 
slowly to 34° at 6:00 p.m. Thereafter. it 
fell to 17° at 7:15 p.m. The abrupt rise in 
temperature and the brief “thaw” accom- 
panied a southwest wind of 30 to 40 miles 
per hour, replacing a northeast wind of four 
to 12 miles per hour. The formation was not 
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Snow rollers of all sizes, from eggs to barrels, formed in this field near Scranton, Iowa, in January, 
1932. Note that some of them are conical in shape. Photograph by U. S. Weather Bureau. 





witnessed, but was known to have occurred 
around 6:00 p.m. The largest roller had 
gone downhill, its diameter one foot, length 
10 to 12 inches, and its layers plainly visible. 
Each of these layers was about *, of an inch 
thick. 

Several occurrences in England reported 
temperature just above 32°, after rather cold 
weather. Besides the Greene County, lowa, 
rollers shown here, there are records of oc- 
currences during the past half century or so, 
in the Flint River Valley of Michigan; at 
Spokane. Washington; Dearborn Canyon, 
Montana; Saline County. Kansas; Mt. Pleas- 
ant, Michigan; Jericho. Vermont; Avon, New 
York; and Burlington, Vermont. 

One picture from Scranton, lowa, is of an 
unusually well-formed roll. Most rollers 
have hollow ends, some even have hollow cen- 
ters clear through. The earliest record of 
snow rollers in this country is an account by 
the Rev. D. A. Clark, in Morris County, New 
Jersey. in January, 1807, when he saw “a 
whole landscape covered with snowballs, hol- 
low at each end, like a lady’s muff. some up 
to 214 to 3 feet long.” 
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AMERICAN METEOROLOGICAL SOCIETY 


101ST NATIONAL MEETING 


PROGRAM NOTES -— 


OINTLY with the Institute of the Aeronau- 

tical Sciences, the American Meteorological 
Society opened its 101st national meeting at the 
Hotel Astor in New York City on Tuesday, Jan- 
uary 25th. Two symposia were held that day, 
and at luncheon Dr. F. W. Reichelderfer, chief 
of the U. S. Weather Bureau, was guest speaker. 
The morning symposium was on cloud physics, 
and was continued to the next morning, when 
the sessions were held at the American Museum 
of Natural History. The annual business meet- 
ing was held Wednesday at 11:00 a.m., and that 
afternoon papers on thunderstorms and related 
The reception and an- 
Hotel 


phenomena were given. 
nual dinner were held at the Park Central 
Wednesday evening. 

Dynamics of the atmosphere and effluents 
from elevated sources were the main fields of 
papers on Thursday, but at 1:30 p.m. a special 
feature was radar movies of storms in the New 
England area, by M. G. H. Ligda, of Massachu- 
setts Institute of Technology. Friday sessions 
were held at the College of the City of New 
York, the morning program under the chair- 
manship of Dr. Sverre Petterssen, Air Weather 
Service. The final papers were on solar radia- 
tion, numerical weather predicting, and related 
subjects. 

It is not possible here to list the complete 
program of 48 papers, but some of the speakers 
and their subjects may be mentioned. At the 
symposium on cloud physics, Dr. Irving Lang- 
muir and Vincent J. Schaefer, General Electric 
Company, discussed problems of atmospheric 
nuclei, clouds, and precipitation, and larger-scale 
seeding of stratus and cumulus clouds with dry 
ice. Dr. Ress Gunn, USWB, reported on the 
artificial production of precipitation at Wilming- 
ton, Ohio, in 1948, and a report was read on sim- 
ilar work carried on in Australia. 





In the second sympo- 
sium, two Harvard as- 
tronomers, Drs. Donald 
H. Menzel and Fred L. 
Whipple, discussed, respectively, solar activity 
and the earth’s atmosphere, and probing the 
upper atmosphere with meteors. Dr. Whipple 
finds that the deceleration of a meteor entering 
the air can be used as a measure of the density 
of the atmospheric layers in which its flight is 
visible either photographically or detectable by 
radar. Dr. J. A. Van Allen, Johns Hopkins Uni- 
versity, presented the geophysical [ 
cosmic rays, while Thor Bergstralh, Naval Re- 
search Laboratory, described upper-atmosphere 
research by means of rockets. 

There were other papers in the symposia, and 
included in the regular program were: 
Mechanisms of Charge Generation in Thunder- 

clouds, Seville Chapman, Cornell Aeronautical 

Laboratory. 

A Precise Determination of the Terminal Veloc- 
ity of Waterdrops Falling in Stagnant Air, 
presented by Gilbert D. Kinzer, USWB. 

The Effect of External Friction on the Motion 
of Atmospheric Disturbances on the Spherical 
Earth, A. J. Abdullah, Massachusetts Insti- 
tute of Technology. 

Confluence Theory of the High 
Jet Stream, Jerome Namias 
Clapp, USWB. 

Oscillations in the Stratosphere and High Trop- 
osphere, G. Emmons, B. Haurwitz, and A. F. 
Spilhaus, New York University. 

General and Micrometeorological Forecasting, 
Maynard E, Smith, Brookhaven National Lab- 
oratory. 

The Cloud Systems of a Winter Cyclone, John 

Sarah H. Wollaston, Blue 





aspects ot 


Tropospheric 
and Philip F. 


H. Conover and 
Hill Observatory. 





LETTER TO THE EDITOR 
oe: 

I noticed your article “Record Low Tempera- 
tures” and accompanying map in the December, 
1948, issue of WEATHERWISE and, if per- 
mitted, would suggest a correction. 

The lowest temperature ever recorded in the 
United States was 66° at Riverside Ranger 
Station, Yellowstone Park, Montana — not Wy- 
oming. Part of the park on the west and north 
sides extends over into Montana and the River- 
side Ranger Station was actually in Montana, 
on the west side of the park; therefore, the low 
temperature should be credited to Montana, al- 
though the Wyoming Section Center at Chey- 
enne has charge of all the weather service in 
the park. 
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While section director of Montana, I was told 
the story of this low temperature — how the 
park ranger found the alcohol column consid- 
erably below the lowest degree mark. He ob- 
tained a thread, made a loop in it and then 
tied it around the thermometer at the top of 
the alcohol column. (Wouldn't that be fun with 
a pair of mittens that would keep out such 
cold?) He then took the thermometer in the 
house and filed a mark on the glass at the point 
of lowest reading. Later this point was cali- 
brated at the Weather Bureau Central Office 
in Washington and was found to be —66°. 

Old Fort Keogh, Montana, near Miles City, 


has a low record of —65° made in January, 
1888, which exceeds the —63° you report. 
A. D. ROBB, Meteorologist 


USWB, Topeka, Kansas 
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FORECASTING THE WEATHER 
The Weather Types of North America 


ROBERT D. ELLIOTT’ 


AMERICAN INSTITUTE OF AEROLOGICAL RESEARCH 


HEN a meteorologist issues a weather 

forecast, the task he performs is more 
difficult than is generally recognized. First, he 
must assimilate in a systematic fashion several 
thousand meteorological observations scattered 
over a large portion of the earth’s surface and 
extending well into the higher reaches of the 
atmosphere. Next, he must apply his knowledge 
of the complex physical processes of the atmos- 
phere to the assembled data, and in this fashion 
anticipate future weather developments. In so 
doing, he is not permitted the luxury of leisurely 
and thoroughly examining all alternatives and 
contingencies as is the custom in other fields 
of scientific endeavor, but must exercise his ut- 
most ingenuity to arrive at his results quickly 
in order to meet a rigorous deadline. Finally, 
the results of his forecast will be reviewed far 
and wide, by laymen and professional alike, with 
a critical scrutiny to which the efforts of other 
professions are seldom, if ever, subjected. 

Under these circumstances it is imperative 
that every possible means be provided the me- 
teorologist whereby he can quickly and easily 
arrive at a solution for a given weather fore- 
casting problem. Much current meteorological 
research is directed ultimately toward such a 
goal and ranges in scope frora the purely scien- 
tific investigation of fundamentals to the prac- 
tical engineering development and testing of 
forecasting procedures. One forecasting aid 
which has resulted from years of intensive re- 
search effort is the use of weather types. These 
were developed and tested during the past dec- 
ade by the staff of the Meteorology Department 
of the California Institute of Technology, under 
the leadership of Dr. Irving P. Krick. 

The weather types represent merely a classi- 
fication of weather patterns in a given region 
into typical situations which are readily recog- 
nized by the weather forecaster. The type classi- 
fication scheme may be based upon the direction 


*This is the first of a series of articles on North 
American weather types that Mr. Elliott is writing for 
this department. At present director of research of the 
American Institute of Aerological Research, Pasa- 
dena, California, the author was an aerological officer, 
USNR, stationed at the Navy Long Range Forecast 
Unit. Washington, D. C., during the war. From 1946 
to 1948, he returned to his prewar post of assistant 
professor at California Institute of Technology, where 
he had graduated and received his master’s degree 
in 1937. In the late *30’s, he served as forecaster for 
Eastern Air Lines and was with the Krick Weather 
Service in Pasadena. 
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of movement of cyclones within a region on a 
day or a series of days, or it may be based upon 
the position and orientation of the large sub- 
tropical or polar highs, or the position of upper 
level troughs and crests, or combinations of 
these and other characteristics of weather pat- 
terns. While a classification does not 
represent a sophisticated contribution to me- 
teorological theory, the general value of such 
schemes has been recognized by extensive use 
in other sciences such as botany, geology, and 
zoology. 

The need for classification of weather pat- 
terns into types has long been recognized. This 
recognition probably stems from the habit of 
the older, more experienced meteorologist re- 
calling one or more weather situations from 
former years which are analogous to the current 
development, much to the awe of the junior 
meteorologist. He is then able to use his recol- 
lection of what transpired in the former situa- 
tions as an aid in forecasting for the current 
situation. Since it requires many years of ex- 
perience and a photographic type of mind to 
develop such a mental catalogue of weather 
patterns, some means is required whereby jun- 
ior meteorologists, f outnumber their 


scheme 


who far 
seniors, may quickly select from the weather 
chart archives analogous situations from the 
past for study purposes. A weather type classi- 
fication scheme and a catalogue of past weather 
by these types provides this means. 

In the past a number of weather-type schemes 
have been proposed and some have proven mod 
erately useful. One characteristic of the ma- 
jority of these older schemes is the use of a 
single typical synoptic chart to represent a given 
weather type. In contrast to this, the guiding 
principle of the California Institute of Tech- 
nology weather types is that a typical series 
of daily synoptic charts represents each type. 
Only the broad-scale features of the weather 
pattern existing for several days are considered 
in this typing scheme. It is well at this point 
for us to review briefly the general circulation 
scheme of the westerlies and its role in the 
weather type classification. 

In the middle of the atmospheric mass (about 
18,000 feet), the normal flow, based upon an av- 
erage of many years, is that of a vast circum- 
polar whirl or vortex of westerly winds, which 
often extends almost from the poles to the 
equator. On upper-level daily charts this pat- 
tern prevails excepting that it is “wavy” in ap- 
pearance. The wavy features are continuously 
changing form, the larger (greater amplitude 
and longer wave length) waves persisting for 
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several days or more in nearly one position and 
the smaller waves moving eastward and dissi- 
pating or reforming from time to time. 
smaller waves are associated with the migratory 
cyclones and anticyclones at the earth's surface. 


These 


They are similar to whirls and eddies on the 
surtace of a small brook. The larger waves 
are similar to the meanderings of the brook 


course of the 
mead- 


through a meadow, where the 
brook is changed as rainstorms flood the 
ow every now and then. 


Upper-level maps representing the mean flow 





pattern for several days to a week tend to 


smooth out the smaller waves but retain the 
essential features of the larger waves. The 
smaller waves are “steered” by these larger 


waves much as the whirls and eddies are car- 
ried along in the current of the meandering 
brook. The larger waves, then, play an impor- 
tant role in determining the paths of migratory 
cyclones and anticyclones. 

In addition to this steering effect, the larger 
because they 
what areas will 


important exercise a 


determination of 


waves are 
control in the 
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TYPE A 


This is a meridional flow type in which the 
mean upper-level flow pattern is characterized 
by a strong wave crest located at 145° to 150 
west and a strong trough at 105° to 115° west. 

\t the surface, the eastern lobe of the Pacific 
anticyclone is intense and located well to the 
northwest of its normal winter position. A sur- 
face wave forms along the southeast Alaskan 
or British Columbian coast and is steered by 
the upper-level flow rapidly down the 
through Washington and Oregon into the Great 
Basin area (Nevada, southeastern 
southern Idaho, and western Utah). The wave 
has been occluded and is by now a moderately 


coast 


Oregon, 


intense, slow-moving cyclone. Widespread snow 


flurries are experienced in the Rocky Moun- 
tains, and cold air advancing down the West 
Coast behind the cold front brings frosts as 


far south as southern California. 
As the cyclone moves east of the Rockies, 
warm moist air from the Gulf of Mexico is 
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drawn into the system, and further intensifica- 
tion results with the cyclone moving northeast 
ward across the Great Lakes and into Canada. 
Copious precipitation occurs in the Mississippi 
and the Ohio valleys during this period, with 
warm weather throughout the eastern part of 
the United States. 

During the life of this tvpe, temperatures are 


well below normal west of the Rockies and 
generally above normal to the east. Precipita- 
tion is well above normal in the Mississippi 


and Ohio valleys, but elsewhere is near or be- 
low normal. 

A number of A and related types occurring 
in January, 1937, were responsible for the record 
precipitation and subsequent floods experienced 
in the Ohio River Basin and for the extremely 
damaging frosts which struck citrus groves in 
California. 

Type A may occur at any season, but, of 
course, the weather phenomena associated with 
much intense in summer than in 


it are less 


winter. 
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experience above or below normal surface tem- 
peratures or precipitation during the period of 
their existence. Thus, in the region just west 
of the trough of such a wave, the meridional 
(along the meridians) flow is more from north 
to south than normal and the cold air following 
a cyclone is colder than normal. The mean 
temperature for the period in this region is then 
below normal. The converse holds just west of 
a crest where the steering pattern 1s more south 
to north than normal and above normal tem- 
peratures are experienced. 

Since the cyclone penetrates more southerly 


latitudes than normal while being steered south- 
ward around a trough, the warm moist air of 
these lower latitudes becomes more readily ac- 
cessible to the cyclone, which acts as an engine 
fueled in part by such air. As a result, a more 
than normal amount of moisture 
energy in the form of latent heat of vaporization 
while running through the engine, and above 
normal amounts of precipitation occur. This 
takes place either in the trough or ahead of it. 

Still another distortion of the upper-level 
circumpolar westerly flow, which is of impor- 
tance, is the tendency at times for the zone of 


releases its 





TYPE B OF NORTH AMERICAN WEATHER TYPES 
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TYPE B 


This is a zonal flow type in which the band 
of westerlies is slightly north of normal latitude. 
The mean upper-level flow pattern is character- 
ized by a rather smooth west-to-east flow, ex- 
cept for a slight trough just off the West Coast 
and another one in the eastern United States. 

At the surface, the low center apparently 
marches eastward from the Gulf of Alaska 
through northern Canada, with a frontal zone 
trailing southward from the center across south- 
ern Canada and the United States. As the front 
advances into the continent, precipitation occurs 
from Alaska to Oregon, but as it advances fur- 
ther east into the Great Plains region, precipi- 
tation becomes negligible except in northern 
and central Canada. While crossing this region 
a polar-Pacific air mass following the frontal 
zone forms a temporary high in the Great Basin. 


Farther east, while the frontal zone passes 
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through the Great Lakes area and _ eastern 
United States and Canada, a small amount of 
cold polar-Canadian air moves down from the 
north, joining and mixing with polar-Pacific 
air advancing from the west. This 
intensification of the low and precipitation be- 
comes somewhat more abundant along the 
frontal zone. 

During the life of this type, precipitation is 
normal in the Pacific Northwest, above normal 
in British Columbia and southeast Alaska. Else- 
where it is generally near or below normal ex- 
cept in northern and eastern Canada, New Eng- 
land and the middle Atlantic states, and parts 
of the Gulf states. 

As no strong polar outbreaks occur with this 
type, temperatures are generally above normal 
except in the Gulf states where they are near 
or slightly below normal. 

Type B occurs quite frequently and in any 
season, although summer is favored by it. 


causes an 
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westerlies to shift to the south over 
a very broad sector, sometimes extending 
around the entire Northern Hemisphere. This 
expansion of the westerly ring is accompanied 
at the surface by the development of a band 
of very cold high pressure areas in the northern 
and over the arctic 


strongest 


portions of the continents 
The southward shift in 
forces the 


seas. the steering cur- 
rent 
south of normal. 

Various arrangements of the large upper-level 
waves (meridional flow patterns) and different 


paths of migratory cyclones 


expansion of the ring of strongest 
patterns) 


the weather 


degrees ot 
(zonal flow form the basic 
framework upon which 
Che precise manner in which these fac- 


will be revealed in the 


westerlies 
types are 
based. 
tors establish the type 
discussion of the weather type diagrams which 
accompany this series of articles. 

The duration or 
factors is of great importance in formulating a 


persistence of these control 


tvping scheme. Research has revealed that there 


is a great deal of variation in this duration 
However, changes of pattern seem to be asso 
ciated with migratory systems. 

If one considers only major cyclonic systems, 


which may be either large single cyclones or a 
“evyclone family” consisting of a major occlusion 
train i 
the average 
major 
three 


followed by a of lesser Waves, then it its 
noticeable that 


succe ssive 


period between the 


Passages Of Systems past a 


fixed is about days. One such 


system is always represented by a 
thirds of the time 


position 
type, how- 


ever, and two two or more 
successive major systems are of the same type 
may 


In any event, a given 


Occasionally the same persist for a 


a month 


type 


vood portion ot 


tvpe is most apt to persist for three days, or 
a multiple of three days. 

By 1941, sufficient developmental work had 
been completed to permit the classification of 


American weather into a set 


In this scheme, types lasting 


North 


types. 


six years of 
of six-day 
but three days were given special treatment by 


combining them with other three-day types to 


form a “complex” six-day type. A rigid six-day 
interval was not adhered to and many cases 
were five- or seven-day types 

With the advent of World War IT, the need 
for extending the typing scheme beyond the 
North American zone into the Pacific and At 


lantic oceans was recognized, and a preliminary 
typing similar in principle to that of the North 
established. During 

reconsideration of 


\merican Was soon 
the course of the war, in 
basic requirements in analogue selection and at 
the request of the Army Air Force, a modified 
and improved set of types was established for 
the Pacific and North which the 
persistence period or life 
mately three Subsequently, the 
was extended to the Atlantic and Europe. 
There now exist a set of 15 to 20 types for 


tvpes 


America in 


basic Was approxi- 


days. typing 


each of five zones extending from 135° east 
longitude (the east coast of Asia) through 
North America to 45° east (western Russia) 
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Each day of the 40-year Northern Hemisphere 


historical weather map series has been classi- 
fied according to type in each of the five zones. 
Unfortunately, this catalogue was completed too 
late to be of much value in military operations 
However, the study of types at several of the 
universities responsible for the training of war- 
time military meteorologists was found to be 
of benefit in practice. 

There are a number of uses of weather types 
in addition to that of analogue Nu- 
merous special studies have correlated the actual 
weather elements of rainfall and temperature 
at different locations with the various phases, 
or days, of a type. With this recorded 
knowledge of the normally expected 
of weather during a type the forecaster 
has at hand a useful tool. The 
caster is better able to crystallize his thoughts 
present, and future weather de 
that the 
types helpful in 
sequences of weather 


selection. 


given 
sequence 
given 
forecast fore 
regarding past, 
velopments. It is 
will 


expected amateur 
weatherman find 
recognizing the different 
which occur in his locality. 

In order to represent just the weather types 
of the North American zone in all their phases, 
105 charts are required. In what follows, a 
simplified schematic form of representation is 
used in which the three different phases, or 
days, of the type are combined in chart 
The North American continent covers two type 


these 


one 


zones, one extending 45 degrees of longitude to 
the west of 90° west, the other extending to 
the east. However, these are combined into 


one on the schematic diagrams by placing in 
the eastern zone the type which normally fol- 
lows after the type shown in the western zone 
In this way the number of charts required is 
greatly reduced. On the schematic diagrams 
the mean upper-level flow in the heart of the 
westerlies is indicated by dashed lines with ar 
rows. Areas of persistent high pressure are de 
lineated by stippled areas. The trajectories of 
major polar outbreaks which occur during the 
life of each type are denoted by double arrows 
Successive daily positions of a single cyclone 
and its associated frontal system as it advances 
North America are 
fashion. Note that the first posi 
tion (first begins at about 135° west 
longitude with all Usually 
appear on the diagram, three for the three days 
of the and three for the three days 
of the eastern North American zones The 
indicated movements are only ideal, as there is 


eastward shown in 


conventional 


across 


phase) 


types. six positions 


western 


some variation from case to case. 

The weather types shown in the schematic 
diagrams are winter types. The same typing 
scheme applies equally well to other seasons 


except for minor seasonal variations. The sea 
differences in weather patterns are ex 
pressed primarily by different frequencies of 
occurrence of the various types. Thus, there 
are certain types which do not occur at all in 
summer, although all summer types do occur in 
slightly modified form in winter. 


sonal 
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WEATHER FORECASTING 


Lon- 


S. W. C. Pack. 
don, 1948. 


Longmans Green and Co., 
192 pages. 25’-. 


N THIS BOOK the author has set himself 
the task of introducing the basic principles 
of forecasting to “students who are about to 


and of doing this in 
that gen 
to senior students in school. Such 
an objective cannot be commended too highly: 
however, the tortuous path toward achievement 
of the author’s goal is beset with many pitfalls, 
has been able to avoid. 


specialize in meteorology” 


such a way the discussion will be of 


eral interest 


not all of which he 


The greatest single criticism that might be 
made of this book is that there is not enough 
of it. The scope of the material that is covered 


is simply too great for the number of pages in 


which the material is developed. The author 
first attempts to lay a basic groundwork of 
understanding of general meteorology before 


proceeding to a treatment of forecasting proper. 
This is a monumental task in itself, made all the 
difficult the avowed 
explanation of technical 


purpose is a 
material with 
eliminated. Such an intro 
duction might well consume more than the 
pages of the entire text. The result is that this 
background suffers from brevity while still tak- 
than its [ 


more when 
lucid 


mathematics all but 


share of 


ing up more proportionate 
space in a textbook on weather forecasting. 
Even the material on forecasting is far too 


brief, in the opinion of this reviewer. Perhaps 
by eliminating the subjects of long range fore 
casting, forecasting in the tropics, and the icing 
on aircraft, it would have been possible to am- 
plify the discussion of general forecasting which 
the author gives as the main concern of the 
book. One feels, when reading the chapter on 
analysis and forecasting, that if this author had 
only let himself go and expanded the material 
into two or three times its present size the re 
sult would have been an excellent piece of work 
manship. The application of the theory to the 
forecast problem could have been made clearer 
to the student by including even more maps 
from the Admiralty Weather Manual or from 
recent weather situations, and following through 
the step-by-step procedure involved in weather 
Isentropic analysis is 
and constant 


analysis and forecasting. 
now historical interest 
height charts have not been used in the United 
States for several years, so much valuable space 
could have been put to more effective use here. 

A second general criticism is that in exclud- 
ing mathematics the author has frequently left 
out the physics as well. Perhaps this again is 
a result of attempting to condense a great 
amount of material in a few pages, but one re- 


only of 
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‘eather 
Elements 


[THIRD EDITION] 


By Tuomas A, Bair 
formerly Senior Meteorologist, 
U.S. Weather Bureau 


N™ extensively 


standard text retains its general character 


revised, this well-known 
as an introduction to ihe science of meteorol- 
ogy without resort to technical, mathematical 


physics. It is intended as a foundation for 


advanced study in meteorology. and as back- 


ground for the many other sciences and hu- 


man activities in which weather is a_ vital 


factor. Significant revisions of the new edi- 


lion include: 


% New chapters dealing with the charac- 


teristics of air masses and fronts, and 


with the relation of weather to aviation. 


forecasting with 


*% Revised chapter on 


emphasis on upper-air charts and_air- 


mass analysis. 


| % Expanded discussions of circulation 
zones and cells, fogs, thunderstorms, and 


instability. 


% Descriptions of new instrumental and 


observational techniques developed by 


the application of radar and other elec- 


tronic devices. 


Published 1948 
373 pages 
6" x 9” 


PRENTICE-HALL 


Incorporated 


|70 Fifth Avenue New York 11, N. Y. 


| 
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ceives the impression in the first part of the 
book that the beginning student would welcome 
some explanation to accompany the many defi- 
nitions. This is true, for example, in the dis- 
cussion of the Coriolis force and the hydrostatic 
equation. That the author really has a gift for 
setting forth physical principles in simple non- 
mathematical fashion is amply demonstrated in 
the discussion of thermodynamics. Here he is 
at his best. The discussion of adiabatic changes, 
the tephigram, and instability, is a model upon 
which the presentation in some other parts of 
the book might well have been based. 








Weather Exchange 


Classified advertisements for this column are 8 cents 


a word, including address; minimum ad 20 words. 


Remittance must accompany orders. Write Weather- 


wise, AWA, The Franklin Institute, Phila. 3, Pa. | 
WANTED: Man with diversified meteorological back- 
ground, preferably with development and production 


State qualifications 
Weatherwise, 


experience on radiosonde equipment 
and salary expected. Write Dept. JS, 
Franklin Institute, Philadelphia 8, Pa. 

related to weather? 
astronomy 
concern 


INTERESTED IN ASTRONOMY as 
Sky and Telescope is « popular magazine on 
and related sciences. Many feature articles 
solar-terrestrial relationships and upper-atmosphere re- 
search. United States subscription is $3.00 per year. 
Write for free sample copy to Sky Publishing Corpora- 
tion, Harvard College Observatory, Dept. W, 60 Gar- 
den St., Cambridge 38, Mass. 











e Writes Easy-to-Read 
Continuous Seven Day 
Record on Replaceable 
Paper Chart 


@ Indispensable for Ac- 
curately Predicting 
Approaching Weather 


Here, for the first time, is a 








recording barometer at a price 
that is only a fraction of the cost of any other recording 
barometer ever made! The unique new BAROSCRIBE writes 
a continuous seven day record which shows time, magnitude, 
and rapidity of changes in barometric pressure. Such informa- 
tion enables you to forecast approaching weather conditions 
with a professional weatherman’s high degree of accuracy. 
No need to watch barometer for several hours or set pointer. 
Record is also very useful for making day-to-day comparisons. 


Price—$58.00, including 2 years’ supply of charts and ink. 
Fully guaranteed. A companion temperature recorder is 
available at $35.00. 


Sold by Leading Sporting Goods and Optical Stores, 


BACHARACH INDUSTRIAL INSTRUMENT CO. 


7000 BENNETT STREET @ 


or Direct. 





PITTSBURGH &, PA. 
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A third general criticism is in the organiza- 
tion of the first part of the book. The concepts 
of atmospheric stability and instability are used 
to describe the typical weather associated with 
the principal air masses before these concepts 
are defined or discussed. The typical cloud sys- 
tems associated with fronts are given, although 
it is not until several chapters later that the 
beginning student even learns the and 
descriptions of the various cloud types. 

However, it must not be inferred that 
are no commendable features in this book. Dia- 
grams have been used effectively in many places 
to amplify the text. The explanation of the 
thermal wind is an excellent example of the 
author's ability to use diagrams to good advan- 
tage in clarifying a three-dimensional problem 
for the student. The merits of the discussion on 
thermodynamics have already been mentioned. 
lables have been included in the appendix for 
degrees Fahrenheit into 
centigrade; knots into miles per hour: 
per second into kilometers per hour; and milli- 
bars into inches of mercury. The new Interna- 
tional Meteorological Code is given in abbrevi- 
ated form. The cloud pictures are well done 
and the printing is excellent throughout, with 


names 


there 


degrees 
meters 


converting 


only a few typographical errors. 
The few weather maps which 
cluded would be easier for the beginner in the 


have been in- 


field to understand if the plotting model ex- 
plained in the text were used consistently. The 
experienced meteorologist is continually dis- 


turbed by the failure to plot the barbs on the 
wind arrows in such a fashion that they always 
point toward lower pressure. If there is any 
explanation of the relation between the number 
of barbs on the wind arrows and the speed of 
the wind, it escaped the attention of this re- 
viewer. This would baffle the art 
of studying weather maps. Cloud symbols used 
on a typical weather map 
since the adoption of the new code. In the de- 
scription of the new the cloud 
symbols have been omitted and some drawn in- 


novices in 


are now obsolete 


code some of 
ce rrectly . 

The serious student will 
that air can absorb water 
Charles’ law refers to a constant-pressure proc- 
instead of to a constant-volume 
as given in this text. Amateur 
shake their heads over the instruction for 
“vigorous 


the idea 
Basically, 


question 
vapor. 
ess process 
weathermen 
may 
setting a maximum thermometer by 
shaking.” 

It is much 
attempt to simplify a complicated subject like 
weather forecasting for purposes of instruction 
than it is to do the simplifying oneself. Fore- 
casters notably inarticulate in explaining 
their methods. The author of this text is an 
instructor commander in the Royal Navy. It 
is to be hoped that he will fulfill the promise he 
shows in this book by a more complete treat- 
ment of the subject in the near future. 

THOMAS F. MALONE 
Massachusetts Institute of Technclogy 


easier to criticize someone else’s 


are 
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WORKSHOP FOR WEATHERMEN 


CONDUCTED BY CHARLES A. LAIRD 


How to Construct 
a Psychrometer and Fan 
HE PSYCHROMETER 


thermometers mounted side by side and ex- 
posed to the air. The bulb of one of the ther- 
mometers is covered with a thin, wet cloth, 
called a wick. It is known as a wet-bulb ther- 
mometer. 


consists of two 


Evaporation of water from the wick has a 
cooling effect. The drier the air, the faster the 
rate of evaporation and the greater the cooling 
of the wet bulb. Thus, when the air is very 
dry, the wet-bulb temperature will be consid- 
erably lower than that indicated on the second, 
or dry-bulb, thermometer, even though the 
thermometers are located side by side. Con- 
versely, when the air contains nearly all the 
moisture it can hold, the readings of the dry- 
and wet-bulb thermometers will be almost the 
same. 

The two terms most commonly used in de- 
scribing atmospheric moisture content are rela- 
tive humidity and dew point. Relative humidity 
is the percentage of moisture content present 
in a parcel of air relative to the total amount 
the air can contain at a given temperature. Dew- 
point temperature is that to which the air must 
drop in order for condensation to take place, 
for example, to form dew or frost. 

Relative humidity and dew point may be com- 
puted by observing the dry- and wet-bulb ther- 
mometer readings, obtaining the difference in 
those readings, and then figuring the humidity 
and dew point by formulae. But by far the 
most convenient method is to refer to tables 
already made up for the purpose. One such set 
is the psychrometric tables published by the 
U. S. Weather Bureau and obtainable from the 
Superintendent of Documents, Washington 25, 
D. C. The price is 15 cents. This is Weather 
sureau Circular 235. 

Building a psychrometer is not hard. The 
two thermometers should be accurate and have 
long scales so they are easy to read. Mount 
them with the tip of the wet bulb extending 
well below the dry bulb. Thermometers with 
wood or metal backing should have this back- 
ing cut away at the lower end so the bulbs will 
be well exposed to the air. This also simplifies 
attachment of the wick to the wet-bulb ther- 
mometer, 

It is important that the thermometers have 
a good circulation of air across their bulbs (at 
least 15 feet per second) and that they be 
shielded from direct rays of the sun. One type 
of psychrometer has the thermometers mounted 
together on a single back. A short chain con 
nects the assembly to a handle, so it may be 
whirled in a wide circle, offering good air cir- 
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culation. This is known as the sling psychrom- 
eter (see front cover). 

Another type has the thermometers mounted 
rigidly. Air is then blown across the bulbs with 
a small fan, operated by a crank. Its construc- 
tion will depend largely on the parts you can 
get. Pulley wheels connect the fan and its 
shaft to the crank shaft, and you should use 
about a three-to-one speed ratio. In the simple 
fan assembly drawn here, %-inch shaft is used. 
The two shafts rotate in brass bushings, 
mounted in a piece of wood forming the sup- 
port for the whole fan assembly. 


Pulley wheels may be made of wood, but 
metal ones are better. Or you may use gears. 
Fan blades, fashioned from thin sheet metal, 


are mounted in a wood or metal hub. If you're 
lucky, you may have a small electric fan lying 


around the house —it provides a ready-made 
} 
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Front and side view of the psychrometer fan which 
may be mounted on the side of the instrument 
shelter. Two bolts serve for mounting the assembly. 


fan blade assembly. However, the electric fan 
should not be used as a whole, because the heat 
from the electric motor may affect the tem- 
perature readings. The whole unit may be 
mounted in an instrument shelter, with the 
crank shaft extending through the wall to the 
outside. To make the wet bulb, tie a piece of 
thin, clean muslin around the bulb of the ther- 
mometer farther from the fan, securing the 
cloth with thread. There is also a wicking made 
especially for wet bulbs. It comes in the form 
of a tube. 

This is how to operate the psychrometer: Wet 
the wick by immersing it in a small bottle of 
clean water that is at or near outdoor tempera- 
ture. Naturally the wick stays on the bulb for 
this operation. Whirl the fan, and at the same 
time frequently observe the wet-bulb thermom- 
eter reading. When the wet-bulb temperature 
drops to a point where it will go no lower, note 
its temperature and also that of the dry-bulb 
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wind 
direction 

wind 
velocity — 


at a glance! 


Here's a chance for every amateur weath- 


erman to add to the accuracy of his hobby 
WINDIKATOR~—a precision-built 
pocket-size anemometer — gives exact 


wind direction, wind velocity ata glance! 


Non-magnetic, rust and corrosion resist- 
ant, WINDIKATOR is guaranteed accu- 
rate. Leather belt carrying case available. 
Model A indi ates velocity 5-30 MPH, 
Model B, 10-60 MPH. If your dealer can’t 
supply you, write Dep't. W-12... 


The H. M. SAWYER & SON CO. 
Cambridge, Massachusetts 











WEATHERMURALS by Eric Sloane 


1. ‘The Cold Front 
2. ‘The Warm Front 


3. <A Cross-section of a Hurricane 


For full information, write or visit } 









thermometer. From: these two readings, the 


depression (that is, the difference between the 
dry- and wet-bulb readings) can be computed. 
\With this information, a glance at the psychro 
metric tables mentioned above will readily give 
you the relative humidity and the dew point. 

Care of the psychrometer is a simple task. 
When the wick gets dirty, replace it. The water 
should always be clean. In freezing weather, 
allow only a thin coating of ice to form on the 
wick 





LOWEST TEMPERATURES IN) THE 
NORTHERN HEMISPHERE 


(Continued from page 11) 


February 9, 1933. Although this is not classed 
as a major weather station, this temperature 
was used in drawing the accompanying map. 
The lowest official temperature recorded for 
the Western Hemisphere is —681.6° F. (cor- 
rected) at Eismitte. Greenland (70° 54’ N.. 
10° 42’ W.. 9.000 ft. msl.). on March 20th. 
during a one-year expedition there in 1930- 
31. It is estimated that the Greenland ice cap 
is the coldest area in the Northern Hemi- 
sphere, with extremes actually approaching 
100° F. 


Eric Sloane 
Is Painting 
feain! 


Now he has created 
a set of weather 
murals ideally 
suited for class- 
room teaching or 
museum display. 
Each is a fine pho- 
tographic enlarge- 
ment, 39” high by 
60” wide, of an orig- 
inal Sloane oil 
painting. It is large 
ee site and readable, light 
and portable, 
mounted on sturdy 
Homosote board. || 
Only $50.00 each. 








5. The World of Clouds 
6. The Effect of Altitude 


The Atmosphere | 
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WEATHER 
STATION 
for SCHOOL 
or HOME 


COMPLETE WITH STUDY 




















AIDS AND RECORD FORMS 





: J Sturdy wooden instrument shel- 
a nF ter houses maximum-minimum 
Navy-type thermometer. Hy- 
grometer with fixed wet and 
dry bulbs. Aneroid baroguide 
with forecast dial. 


! Rain and snow gage, non- 
corrosive metal, 3” diameter. 

Wii NE Measuring stick graduated 
to hundredths of an inch. 





WIND VANE. NESW letters 
with mounting for pole or 
building. Durable brass and 
copper construction. 


INSTRUCTION BOOKS: ““Tech- 
niques of Observing the 
Weather”. Haynes. Set of 


U. S. Weather Bureau pam- 
phlets. Record forms for 
observation. 


SCIENCE ASSOCIATES 


"Everything for the study and practice of meteorology" 
40! NORTH BROAD ST., PHILADELPHIA 8, PA. 








Weather Station, 
Complete 


$49.50 
f.0.b. Philadelphia, Pa. 
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of America’s 


foremost 


weather instruments 





Bendix-Friez Psychrometers 


Bendix-Friez Psychrometers range from a pocket-sized sling 


model to an extremely accurate, electrically aspirated instrument 








] : 
used in industrial and research laboratories. Typical of the high d fa 
quality in this complete line is the compact model HA/2, which |g 
provides accurate psychrometric measurements in confined | a 
spaces without the usual risk of thermometer breakage. Aspira- 0 
tion is accomplished in the HA/2 by a rubber bulb hand pump i 
and venturi. This feature permits holding the instrument station- ~ 
ary while in operation. Thus it is easy to read minimum wet bulb “a 


temperatures for maximum accuracy. 


For specific information write to: 
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